nucleic acid and, as a result of this interaction, their progeny continue to produce not only the specific antigen, but also more of the specific nucleic acid used to induce the change (2) (3) (4) .
As the transformed organism divides, its progeny are found to form both a capsule, and the transforming principle, just as do encapsulated pneumococci of natural origin. It appears justified, therefore, to visualize the transforming principle much as the geneticist pictures genes, as a self-duplicating agent which initiates a series of reactions, involving in the case of the transforming principle probably both the synthesis of a specific enzyme and a capsular polysaccharide.
In the past, colonial morphology and immunological characteristics have served as criteria for differentiating pneumococcal cultures. As a consequence of the transformation studies, however, characterization of smooth and rough races of pneumococci may be made by yet another criterion: the gene-like transforming principle found in each of the smooth strains thus far studied, is apparently absent in the non-encapsulated or rough races (3, 4) . While races of pneumococci have been analyzed with respect to their antigenic structure, no extensive study of the group has been made considering as an essential differential characteristic the presence or absence of specific transforming principles. The present study is essentially an inquiry into the differences between several races of pneumococci, as manifest in the transforming activities of desoxyribonucleates obtained from these races.
The present report will cover the following points: 1. From the R strain used customarily in transformation experiments, a permanently altered strain, ER, was obtained which forms an extremely rough colony on solid media. Evidence will be presented which indicates that strain ER differs from R in one essential feature. R pneumococci possess a transforming principle capable of transforming ER pneumococci into R, while ER pneumococci lack such a principle. SIII pneumococci possess not only the transforming principle active in transforming R pneumococci into SIII, but also the new transforming principle active in changing ER pneumococci into R.
2. Two of a series of mutated forms of Type III smooth pneumococci have been studied. The experiments to be discussed indicate that the altered condition of these strains is attributable to mutation of the transforming principle found uniquely in SIII pneumococci. Experiments upon an analogous strain of Type II pneumococcus have recently been described (5) . The more extensive data to be discussed in connection with the present experiments upon the SIII variant strains provide strong evidence against the suggestion of these authors that the transformation of an R pneumococcus into an S requires the acquisition of more than one "character" by the pneumococcus undergoing transformation. Neither the material published by these authors, nor the present experiments, give information as to whether the transformation of R into S involves the action of one or more active particles of the desoxyribonu-cleate fraction of the S cell. However, the present experiments exclude the possibility that the mutated SIII races are races in which a normally multipartite SIII transforming agent is only partially present. Phrased in the terms of genetics, the present experiments suggest that the mutated and normal SIII transforming principles are related to each other as are the genes of an allelic series, and not as genes of a polymeric series of which more than one must be present for normal antigen production.
3. Two kinds of two-step transformations were found possible. From the differences between these two-step transformations it is concluded that in certain cases the transformation phenomenon consists of an interaction or exchange occurring between a transforming principle within the pneumococcus and a similar principle in the environment.
Materials and Methods
To obtain transformation in vitro it is necessary to provide special environmental conditions for the susceptible pneumococcus. It has been shown that the essential components of this environment, in addition to nutrient materials, are (1) an agglutinating agent and (2) an accessory protein constituent of serum, which, when present in whole serum, can be inactivated by dialysis (6) . Except for certain modifications which will be discussed below, essentially identical techniques have been employed for all the various transformations to be described, and in every case the above environmental conditions had to be met.
Agglutinating Agents
In transforming an R strain, either a whole serum was employed which contained enough R agglutinins to provide completely sedimented growth of the R inoculum, or the agglutinins were added in the form of a concentrated gamma globulin fraction of the serum of rabbits immunized with rough pneumococci. A crude fractionation of the serum was made by dialyzing the serum against 18 per cent sodium sulfate. The resultant precipitate was ~:ollected by centrifugation and washed by resuspension in 18 per cent sodium sulfate. The washed precipitate was dissolved in a small volume of distilled water and this solution dialyzed against physiological saline. Sterility was maintained throughout. Following dialysis, the agglutinating activity of the sterile solution was titered by growing R pneumococci in medium containing varying amounts of the antibody solution. This kind of titration is called a "thread test," and will be referred to by this name at several points in the following report. Most preparations of R agglutinins contained enough antibody to give completely sedimented growth of the R bacteria at a concentration of 1 part of the agglutinin solution to 1000 parts of broth. Consequently, this was the concentration usually employed for transformation experiments.
In some instances SIII organisms were transformed, and to agglutinate these pneumococci an appropriate system was substituted. Two techniques were employed. The solutions of R aggiutinins could be employed to agglutinate the SIII bacteria provided the specific polysaccharide formed by these pneumococci was constantly removed from the cell surface during growth. This could be done by using the enzyme which specifically hydrolyzes the Type III polysaccharide (7) since the enzyme in no way interferes with the transformation process. As an alternative technique, Type III antiserum could be employed to agglutinate the SIII organisms, either in the form of whole rabbit serum, or in the form of a twice precipitated gamma globulin fraction of Type III antipneumococcus horse serum. The concentrations used were sufficient to give agglutinated growth of the inoculum of SIII cells. In the case of the globulin fraction of horse serum, 1 part of the solution was added to I000 parts of broth.
Sources of Accessory Serum Factor
The second serum constituent, which is distinct from the agglutinins, was added either as whole human pleural fluid, of known activity in supporting transformations, at concentrations of 7 to 10 per cent, or in the form of a purified fraction of bovine serum. In a future publication a report will be made on the experiments performed in co|laboration with Dr. O. T. Avery and Dr. R. D. Hotchkiss, which have led to the use of bovine serum albumin in place of whole serum in effecting transformations. As routine a 4 per cent solution of fraction V of bovine serum albumin, prepared by Armour and Company according to the techniques developed in the laboratory of Dr. E. J. Cohn, was adjusted to a pH of 7.0 and filtered through Coors No. 3 porcelain filters for sterilization. This solution was added to broth in amounts ranging from 3 to 5 parts per 100, this range Of concentrations having been found to be in excess of the minimum necessary to obtain regular transformations with active transforming extracts. Sodium pyrophosphate added to the transforming environment was found to eliminate some variability in the results, and consequently was added to the albumin solution just prior to its use in an experiment. 1 part of a 5/15 solution of sodium pyrophosphate was mixed with 10 parts of the 4 per cent albumin solution.
Preparation of Transforming Principles
The improved method of isolating transforming principles from pneumococci was used (4). When only a few tests of biological activity of a given preparation were to be performed, large scale preparations were not made, and hence extensive purifications could not be carried out. The preparations of transforming principles made on a small scale contained several milligrams of desoxyribonucleate, and in addition contained ribonucleic acid, somatic polysaccharide, and in some cases, capsular polysaecharide. All transformations employing the norreal SIII transforming principle, and all employing the desoxyribouucleate of R cells, were performed with highly purified preparations of desoxyribonueleic acid. The majority of transformations with the transforming principle referred to as SIII-1 were also done with highly purified desoxyribonucieate. The remaining preparations were made as described below.
The strain from which a transforming extract was to be prepared was grown from a single colony isolation, and a heavy inoculum seeded into 1500 cc. of beef heart infusion-neopeptone broth. After 17 hours' incubation at 37°C. the cells were harvested by centrifugation. Following resuspension in 10 cc. of 0.1 M sodium citrate-0.1 M saline solution, 0.05 cc. of a 10 per cent solution of sodium desoxycholate was added to induce lysis. Lysis usually occurred within 15 minutes at room temperature. The highly viscous lysate was then treated 3 times by the Sevag deproteinization method, employing chloroform and amyl alcohol. The still turbid lysate was then treated with 5 volumes of alcohol, in which a fibrous precipitate formed. The precipitate was allowed to remain overnight in the alcohol to assist the process of protein denaturation and to inactivate traces of pneumococcal desoxyribonuclease. The fibrous material was then drained of alcohol, and redissolved in saline for repeated deproteinizations. The usual preparation received a total of 9 treatments with chloroform and amyl alcohol, and 3 alcohol precipitations. The final solutions in saline were clear and viscous, their volume being adjusted from 5 to 10 ce., according to the apparent bulk of the precipitates obtained in the course of preparation. These solutions contained from 0.13 to 0.35 rag. per cc. of desoxyribonucleic acid as estimated by the diphenylamine reaction. The extracts were sterilized by alcohol precipitation and stored as sterile saline solutions. The biological activity of these solutions was tested in transformation tests in which the final concentra-tion of desoxyribonucleic acid was in the range of 0.65 to 1.75 microgram per cc. of broth. It has been shown that as little as 0.004 microgram per cc. of Type III transforming principle induces regular transformations of R pneumococci into SILI (2) . Quantitative studies were not made with the crude preparations, but titrations showed that the amounts employed for testing were well in excess of the minimum amount of extract required to obtain transformation.
The Transformation Tests
In performing transformation tests, 2 cc. of broth containing the necessary accessory serum constituents, noted above, was pipetted into small sterile tubes. The broth, described previously (2), was adsorbed with charcoal prior to its use. Transformation tests were made in quadruplicate or quintuplicate, each tube containing the same amount of transforming principle. The latter was added to the tubes by diluting in saline a small sample of the stock solution of the transforming principle to be studied, so that 0.1 cc. contained the desired amount of desoxyribonucleate. A tenfold dilution of the stock solution was usually employed. In each experiment one or more control tubes were provided, to which no transforming principle was added. All tubes were inoculated with 0.05 cc. of a 10 -4 dilution of a 4 to 8 hour bloodbroth culture of the strain being transformed, unless otherwise noted. Transformation tubes and controls were incubated from 16 to 24 hours at 37°C. At this time preliminary readings could be made in certain of the transformation systems where the transformed bacteria and their progeny grew diffusely in the supernate. This is typical of the R to S transformations. Some of the transformations to be described do not give clear readings of this kind, since in some cases the transformed cells were also agglutinated by the same agent used to agglutinate the inoculated strain. In every experiment samples of the populations in each of the tubes were withdrawn for examination by streaking a loopful of culture upon a sector of an agar plate. Upon incubation, these samples produce about 100 to 200 well isolated colonies. Conclusions concerning the composition of the populations after transformation were based upon a study of the colonies in these subcultures.
Strains of Pneumococci Studied
In the present study the classical rough races will be called "R," while the classical smooth races will be referred to as "S." Since the S races can be of various serological types, the Roman numeral corresponding to the serological classification of the race will be added to classify the strain more precisely. For example, the Type III pneumococcus used in the present study will be referred to as SIII. Implicit throughout the present report will be the assumption that the salient difference between R and S races is the fact that the individual S bacterium possesses a specific transforming principle which is lacking in R pneumococci.
The following strains of pneumococci have been used in the course of the experiments to be discussed:--I. Strain A66, a Type III smooth strain, used for preparation of Type III transforming principle. (Colonies of this strain are illustrated in Fig. 5.) 2. Strain R36A, a rough strain derived originally from a Type II smooth strain, D39. This strain has two characteristics of importance in transformation experiments. Bacteria of this strain can be transformed to any of several different types of smooth strain under the action of the corresponding transforming principles (4). Furthermore, no spontaneous reversions to the smooth condition have ever been observed to occur, although the strain has been repeatedly subjected to conditions favorable for the detection of such reversion. This strain has been used both as a source of transforming extracts and as a test organism for the transforming activity of various extracts. (Fig. 2.) 3. Strain ER, derived by spontaneous mutation from strain R36A. This variant has an extremely rough colony form, and in liquid culture grows in aggregates. It has been used both as a source of desoxyribonucleate, and as a test organism for transforming activities of various extracts. (Fig. 1.) 4. Strain SIII-1, a mutant Type III pneumococcus which appeared spontaneously in an old refrigerated culture of an SIII line. This latter line had been established from a single colony of strain R36A transformed to the SIII condition, under the action of an SIII transforming principle isolated from strain A66. (Fig. 3.) 5. Strain SIIL2, a mutant Type III pneumococcus which appeared in a transformation experiment in which strain R36A was being transformed under the action of Sill transforming principle isolated from strain A66. (Fig. 4.) These last two strains have also been used both as organisms for testing transforming activities of various extracts, and as sources of transforming principles.
Experiments with the ER Strain
Strain ER (extreme rough) can revert to the R condition. Mter a few serial passages of ER in ordinary liquid culture, appreciable numbers of R pneumococci may be found. On solid media populations of ER pneumococci appear to be completely stable. Thus, the instability of strain ER in liquid media can be attributed to selective forces favoring the growth of the diffusely growing R bacteria. Strain ER can, however, be maintained in pure condition in liquid culture if it is grown in a shallow layer of broth in an Erlenmeyer flask. Highly aerobic conditions are not favorable for the growth of pneumococci, and apparently growth in shallow layers is relatively more unfavorable for the diffusely growing R bacteria than for the ER bacteria, which presumably establish localized, less aerobic, areas. Mter cessation of growth in these shallow layer cultures, ER pneumococci must be transferred into small sterile test tubes for preservation, for like other pneumococci, these cannot be preserved under highly aerobic conditions.
The characteristic colonies of strain ER are shown in Fig. 1 .
Transformation of ER to R.--Transformations of the ER strain were undertaken in the absence of added R agglutinins, since the ER bacteria grow spontaneously in an aggregated state. Serum factor in the form of bovine serum albumin was added to nutrient broth, as well as transforming principle obtained from SIII pneumococci. Experiments were carried out in the usual manner, using a volume of 2 cc. of medium placed in small test tubes. The tubes were inoculated with 0.05 cc. of a 10 -~ dilution of an 8 hour culture of ER, grown in a shallow layer. In this transformation system no SIII organisms were found after the usual incubation period. However, the populations of pneumococci in all the tubes which received the transforming principle were found to be predominantly R pneumococci. In an occasional control tube containing no added transforming principle, appreciable numbers of R pneumococci were also found. Since the ER pneumococcus can give rise spontaneously to R forms, two hypotheses could be offered to explain the invariable presence of the large numbers of R pneumococci in the tubes which had received the transforming principle. Either this desoxyribonucleic acid preparation was acting as a powerful selec-tire agent for spontaneously formed R pneumococci, or this material was acting as a specific transforming agent as it is known to do in transformations of R pneumococci into SIII.
Experiments disclosed the following facts, and clarified the mode of action of the desoxyribonucleic acid fraction of the SIII bacteria upon the ER strain.
1. The predictable appearance of large numbers of R pneumococci in cultures of the ER strain depends upon the presence in the environment of adequate concentrations of the desoxyribonucleic acid fraction from suitable pneumococci. A titration of the transforming activity of this fraction of SIII pneumo- 
Titration
ER only * The stock solution of transforming agent contained 0.6 mg. per cc. of desoxyribonucleic acid, estimated by the diphenylamine reaction. 0.1 co. of appropriate dilutions were added to tubes containing 2 cc. of broth to which albumin and pyrophosphate had been added. Inoculum was 0.05 cc. of a 10 -3 dilution of an 8 hour aerobic culture of strain ER.
:~ The populations were plated after 16 hours of incubation at 37°C. The symbol R indicates the presence of R colonies in addition to ER. cocci is shown in Table I . This same highly purified desoxyribonucleate has approximately the same degree of activity in changing ER populations into R as it has in changing R populations into SIII, provided titrations are performed in the appropriate environments, both using albumin as a source of serum factor.
2. To obtain the regular production of large numbers of R pneumococci in the growing ER populations, it is necessary to add to the medium accessory serum factor (e.g. bovine serum albumin) as well as adequate amounts of the pneumococcal desoxyribonucleate.
3. Transformation of populations of ER pneumococci into R is a special property of certain desoxyribonucleate preparations. Active desoxyribonucleates are obtained from SIII and as well from R pneumococci (R36A). Highly polymerized desoxyribonucleates obtained from ER pneumococci, two different strains of streptococci, and from calf thymus are totally inactive in this respect.
4. Small concentrations of the enzyme desoxyribonuclease (1 microgram per cc.) inhibit the action of active desoxyribonucleates in transforming populations of ER pneumococci into R, provided the enzyme is added to the transformation cultures prior to the end of the first 5 hours' incubation.
5. ER pneumococci grown for at least 5 hours in the albumin-broth mixture are capable of rapidly interacting with the transforming substance in such a way that desoxyribonuclease can no longer block the transformation into R. Hence, the ER strain undergoes the phenomenon called sensitization, described first in the studies of transformation of R pneumococci into S (6). This sensitized state, during which rapid interaction with the transforming principle is possible, is transitory for the ER pneumococci as had been found for the R, and disappears after the first 7 to 8 hours of incubation have been completed. The technique used to study the sensitization phenomenon in the transformations of the ER strain was essentially the same as described in analysis of the R to SIII transformations, and will not be discussed here.
These facts are in agreement with the interpretation that although ER pneumococci can mutate spontaneously and unpredictably to the R condition, predictable transformations are specifically induced under the action of desoxyribonucleates of certain pneumococci.
It should be noted that the same formal proof which existed in Griffith's transformation experiments (8) is not available for the case of the ER to R transformations. The essential point of the argument which established the existence of specifically induced transformation was the fact that while some R strains can spontaneously revert to the S condition, they never revert to a serological type heterologous with respect to their origin. Thus, the fact that some R strains not only could be transformed to S of heterologous type, but also to the type corresponding to the origin of the heat-killed cells used to induce the transformation, provided definitive evidence that the transformation was specifically induced. The ER strain can spontaneously revert to R, and it is the same R, as far as is known, that is produced as a consequence of induced transformation of the ER pneumococci. Furthermore, the transformation of ER into R is induced by more than one transforming extract, the desoxyribonucleate fractions of both R and SIII pneumococci being active. Hence the exclusive proof which established that the R to S transformation was specifically induced cannot be provided in the case of the transformation of ER pneumococci into R. However, the completely analogous requirements for both transformations, and the virtually identical mechanisms which operate in both cases, make it most probable that essentially the same phenomenon is occurring in both kinds of transformations; i.e., that both changes are specifically induced by an agent which is apparently a specific desoxyribonucleate.
One difference exists between the conditions necessary for the transformation of R pneumococci into S, and ER pneumococci into R. In the latter transformation rough cell agglutinins are not only not required, but actually must be omitted. This does not imply that the agglutinated state is not required for the ER pneumococci undergoing transformation, since, as has been mentioned above, the ER strain grows spontaneously in an aggregated condition. The addition of R cell agglutinins results in a more compact aggregation of the ER bacteria, but completely inhibits the appearance of R forms in tubes which otherwise would be expected to contain more than 50 per cent R pneumococci, produced as a result of transformation of the original ER population. No SIII pneumococci were formed directly from the ER strain treated with a desoxyribonucleate of SIII bacteria, in the presence of R agglutinins. Thus, like the other morphological mutants obtained from strain R36A (2), strain ER is "incompetent" to undergo direct transformation into the SIII condition.
Two-Step Transformation of Strain ER into R into SilL--The
produced by transformation of the ER strain as described above, were competent to be transformed in their turn to SIII by means of the same desoxyribonucleate, prepared from SIII pneumococci, which had induced the transformation of ER pneumococci into R. Thus, starting with the ER strain, a two-step transformation could be performed, eventually yielding SIII pneumococci. The second step, performed in the presence of R agglutinins, could readily be accomplished using any of a number of clone lines of R forms isolated from transformation experiments with the ER strain.
A single difference exists in the external conditions required by the two steps. To transform strain ER into R, R agglutinins must be omitted, while to transform R pneumococci into S, the R agglutinins must be present. It seemed possible, therefore, that in the course of a single growth cycle of an ER culture and under the action of a single dose of SIII desoxyribonucleate the two steps might be achieved if the R agglutinins were added at the appropriate time. The transformation of strain ER into R is completed after the first 5 hours of incubation (see above). Hence, in a transformation of strain ER, R agglutinins were added to some of the tubes after a preliminary incubation of 5~ hours. At the same time 2 cc. of fresh culture medium was added to prolong somewhat the growth of the cultures in the altered environment. A single addition of transforming principle obtained from SIII pneumococci had been made to all tubes at the time of inoculation with a drop of diluted ER culture. Mter 24 hours of incubation, a sample of the contents of each tube in the experiment was subcultured on agar plates. In all tubes to which the R agglutinins were added at 5~ hours, ER, R, and SIII pneumococci were found in the final populations. In tubes not receiving the R agglutinins, only R and ER pneumococci were found. It was possible repeatedly to obtain thus the two transformation steps in a single culture of strain ER, and with a single portion of transforming principle, by supplying the R agglutinins at the proper time.
When strain ER was transformed under the action of a desoxyribonucleate obtained from the R strain R36A, the sole transformation products were R ceils, regardless of the addition of the R agglutinins after 5] hours' incubation. This is in agreement with the previously reported findings that this R strain contains no transforming principle inducing synthesis of specific polysaccharide (3) . It therefore appears that the desoxyribonucleate fractions of both R and SIII pneumococci have one transforming principle in common, that which transforms strain ER into R, while this fraction of the SIII pneumococci contains a second transforming principle as well, that which transforms R pneumococci into SIIL The analogous fraction of strain ER pneumococci has neither transforming activity, and presumably neither of the two transforming principles which appear to exist in the desoxyribonucleate fraction of the SIII organisms.
There remains to be explained why the transforming principle found uniquely in the Type III pneumococcus does not appear to act directly upon ER pneumococci. There is as yet no evidence that this transforming principle can propagate in the absence of the transforming principle found common to both SIII and R pneumococci. This latter principle, which for brevity can be called the R transforming principle, can on the other hand be propagated in the absence of the SIII transforming principle, for that is its condition in the rough strain used for these transformation studies. Thus, the mutually independent existence of these two transforming principles as genetic units is not demonstrated by the reported experiments. It is possible that the action of the SIII transforming principle upon the pneumococcal cell is dependent upon the phenotypic activities of the R transforming principle. Until this is shown to be the case, or until pneumococci are found which possess the S transforming principle in the absence of the R principle, strict proof that the desoxyribonucleic acid fraction of SIII pneumococcus contains at least two distinct entities controlling hereditary traits cannot be offered.
Transforming Principles Present in the Transformed Pneumococci.--Each step of the two-step transformation just described produced pneumococci which were permanently altered with respect to the newly acquired character. From R pneumococci obtained by transformation of ER forms, and from the stepwise produced SIII pneumococci, active transforming principles were isolated. The transforming extracts of the R strain produced by transformation of the ER strain possessed only the capacity to transform ER pneumococci into R. The transforming extracts of the SIII cells produced by two-step transformation of ER possessed both the capacity to transform ER pneumococci into R, and R into SIII. Hence, the properties of the transforming extracts of the doubly transformed pneumococci reflected both steps of the two-step transformation, and the pneumococci thus produced appeared to have acquired two transforming principles in the course of the two transformation steps.
The Intermediate Sill Strains
Between the colony forms S and R there exists a spectrum of gradations. Colonies having an appearance intermediate between R and S are produced by stable strains of pneumococci which agglutinate to varying degrees in both type-specific and group-specific antisera (9, 5) . Usually S pneumococci are not agglutinated by group-specific antisera unless steps have been taken to remove the polysaccharide capsule. The intermediate forms have rarely been found to be virulent, but they have been found to be capable of reverting to the virulent S condition. Such intermediate forms have been obtained by growing smooth pneumococci in homologous specific antiserum. Very commonly, however, intermediate forms are encountered in old, refrigerated S cultures, indicating that the antiserum is not essential for their production.
The mutant SIII strains to be discussed are two of a number of spontaneously appearing variant SIII pneumococci which have been encountered over a period of 2 years' work. Their origin has been noted above.
Strain SIII-2 produces a mucoid colony on solid medium, but the colony is distinct from the mucoid colonies of the SIII strain, A66, and of R pneumococci transformed by the SIII transforming principle isolated from strain A66. The colony of SIII-2 is smaller, dries out more rapidly, and autolyzes sooner than do the colonies of the latter two strains. In general the colonies of the SIII strains isolated from nature are more mucoid than those of other smooth types. The strain SIII-2 thus resembles superficially other smooth races of pneumococci more than it does the parent SIII line from which it was indirectly derived. The variant is, however, serologically a Type III organism, and gives a quellung reaction (swelling of the capsule) in Type III antiserum. SIII-2 is capable of establishing infection when relatively small numbers of organisms are injected intraperitoneally into mice. See Table II . The strain is stable in liquid culture, but is capable of giving rise to rare mutants which produce colonies like those of the normally mucoid SIII strains.
Strain SIII-1 is not mucoid, and its colony can be distinguished, with difficulty, from an R colony. Although by agglutination tests SIII-1 must be classified as a Type III organism, it does not give a quellung reaction in Type III antiserum. Nor is strain SIII-1 virulent, although it is capable of reverting to the normally mucoid, virulent condition. See Table II . The SIII-1 variant is analogous to the variant of an SII strain described by MacLeod and Krauss (5) .
Colonies of these strains are shown in Figs. 3 and 4 .
Serological Characterization of the Variants.--The various races of S pneumococci are differentiated by their capsular antigens, the specificity of which depends upon the chemical composition of the capsular polysaccharides. However, S pneumococci as well as R pneumococci possess a large number of somatic antigens which appear to be common to the group Pneumococcus. Thus, a distinction is made between the group-specific antigens common to encapsulated and non-encapsulated forms alike, and the type-specific antigens, found uniquely in the encapsulated races. As far as is known, each S race forms only one kind of capsular polysaccharide, or type-specific antigen.
TRANSFORMING AGENTS FROM PNEUMOCOCCUS VARIANTS
Antisera resulting from the injection of R pneumococci into animals possess antibodies directed against the group-specific antigens, while antisera against S forms usually contain antibodies which react with both group-specific and type-specific antigens. Thus, an antiserum prepared with an SIII strain is usually capable of agglutinating both R and SIII strains, but an antiserum prepared with an R race is incapable of agglutinating the usual S races. An antiserum containing type-specific antibody only, which reacts only with homologous polysaccharide or organisms, can be made by adsorption of a given antiserum with heat-killed R pneumococci.
Using antisera made with normal Type III pneumococci, and antisera against strain R36A, an analysis was made of the antigenic structure of the SIII races used in the present study. The essential points shown by these studies are the following:--1. The normal SIII strain, to be referred to henceforth as SIII-N, and mutant strain SIII-2 are agglutinated only by antiserum containing antibody reacting with the Type III polysaccharide (Tables III and V). 2. Strain SIII-1, the non-mucoid variant, and also strain R36A, an R strain, agglutinate in antisera containing group-specific antibody (Table V) . Larger quantities of antibody are required to agglutinate SIII-1, than are required to agglutinate the R strain.
3. Strain SIII-1 is also agglutinated by Type III type-specific antibody. This reaction is revealed in Type III antipneumococcal serum adsorbed with R bacteria to remove the group-specific antibodies normally present in such sera (Table IV) .
4. Less Type III antibody is required to agglutinate intermediate strains SIII-1 and SIII-2, than is required to agglutinate the fully mucoid SIII-N strain (Tables III and IV). 5. When strains SIII-1, SIII-2, and SIII-N are grown in the presence of group-specific antibody and the enzyme which hydrolyzes the Type III capsular polysaccharide, it is found that the enzyme uncovers the group-specific antigens of all three strains. Strains-SIII-N and SIII-2, which normally agglutinate only in the presence of adequate amounts of Type III antibody, are so altered by the enzyme that they can be agglutinated by R antibody, or groupspecific antibody. Similarly, through the action of the enzyme, SIII-1 pneumococci are rendered sensitive to much smaller amounts of R antibody than are otherwise required to agglutinate this strain. Thus, the enzyme which splits +--T+++ +-W+ --7----Serum absorbed with R36A to remove rough cell agglutinins. Read as in Table III. the Type III polysaccharide attacks also the type-specific antigens of the mutant SIII strains (Table V) . These experiments indicate that the mutant strains each form Type III polysaccharide. It should be emphasized that while serological cross-reactions are found between a number of polysaccharides of pneumococcus, none of the polysaccharides which show serological cross-reactions with the Type Ill polysaccharide can be split by the enzyme used to hydrolyze this latter polysaccharide in the present experiments. Thus, the data just summarized support the view that the polysaccharide formed by the SIII mutants is unaltered in chemical composition from that formed by the normal Type III strain.
Two rabbits were injected with living SIII-I cells from ½ cc. of an 8 hour blood-broth culture, on 4 successive days during each of 2 weeks. 7 days following the last injections two sera were obtained which reacted down to concentrations of 1:64,000 and 1:16,000 of purified Type III polysaccharide respectively. Attempts were made to adsorb the type-specific antibody from a Type III immune serum by means of cells of the non-mucoid variant. 4 cc. of a diluted serum was adsorbed with the variant cells obtained from 1500 cc. of culture. 
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In series A, antibody solution was diluted with broth. In series B, antibody solution was diluted with broth containing the enzyme which hydrolyzes Type III polysaccharide. Read as in Table III. As a result of this adsorption a fourfold decrease was observed in the agglutination titer of this serum with normal SIII cells. The SIII-1 cells had removed some of the Type III agglutinins from the serum, but left behind considerable activity. The residual specific antibody, like the unadsorbed antibody, agglutinated SIIL1 bacteria at higher dilutions of antiserum than it did the normal SIII cells, although the antibody removed had been adsorbed by the antigens of SIII-1. Repeated adsorptions led to the same result. The R antibody was completely removed, showing both that the non-mucoid variant SIII could adsorb R antibody, and that the antibody left behind was solely typespecific antibody. It can thus be concluded that the strain SIII-1 adsorbs very little of the type-specific antibody, and that repeated adsorption does not result in a qualitative change in the type-specific agglutinins remaining in the antiserum. There is no indication from these experiments that the antigen of the SIII-1 pneumococcus differs qualitatively from the antigen of the SIII-N strains.
The purification and study of the polysaccharides of the mutant SIII strains will be necessary before it can be definitely stated that normal and mutant strains are producing exactly the same polysaccharide. The data thus far obtained are in harmony with the view that each of the organisms studied is capable of synthesizing the Type III polysaccharide, and that the differences between the strains lie in the rates at which the polysaccharide is formed or released at the surfaces of the bacteria. The obvious morphological differences between the colonies of the SIII strains suggest that the quantity of polysaccharide is less in strains SIII-2 and SIII-1 than in the normal SIII strains. There are two other reasons for believing that the differences between the SIII strains are quantitative.
1. It is clear that SIII-2, SIII-1, and SIII-N strains are agglutinated by different quantities of Type III antibody. The non-mucoid SIII-1 strain requires the smallest amount, SIII-2 requires more, while SIII-N requires the most. Since the Type III polysaccharide is water-soluble, antibody is neutralized by polysaccharide in solution around the bacteria, and hence is neutralized without contributing to the agglutination of the bacteria. Thus, the strain releasing the smallest amount of polysaccharide in solution would be expected to be agglutinated by the smallest quantity of specific antibody.
2. The three strains differ with respect to the ease with which the same concentration of polysaccharide-splitting enzyme can free the bacterial surfaces of specific polysaccharide (Table V) . Although the enzyme was prepared by adapting B. palustris so that it could utilize as a carbon source the capsular polysaccharide of the normal Type III pneumococcus, the enzyme is more effective in uncovering the non-specific antigens during growth of strains SIII-1 and SIII-2 than in uncovering these antigens in cultures of the normal SIII strain. This hydrolytic enzyme does not destroy the capacity of the pneumococcal cell to form Type III polysaccharide, and whether or not the non-specific surface antigens are uncovered during growth in the presence of the enzyme depends very likely upon the balance existing between the rate of destruction of the polysaccharide and the rate of its synthesis or release at the bacterial surface.
The Nature of the Altered Heredity of SIII-2 and SIII-l.--The SIII-N bacterium differs from the R in possessing the Type III transforming principle, which will be referred to as the SIII-N transforming principle. The question was therefore raised whether the mutant SIII strains possessed the same transforming principle or some analogous transforming principle.
Extracts possessing transforming activity were obtained from both of the intermediate smooth strains. With these extracts the susceptible K strain R36A could be transformed to the SIII-2 or the SIII-1 condition according to the origin of the extract used. Each extract conferred upon the R pneumococcus the ability to synthesize the type-specific antigen, and as well, determined that the transformed cell formed the antigen in a particular altered condition. In no case did either extract transform R bacteria to the fully mucoid condition, nor was it ever observed that an extract from SIII-2 transformed R36A to SIII-1, or vice versa. Each extract possessed a strictly specific transforming action. The intermediate Type II strain studied by MacLeod and Krauss (5) likewise appears to contain a transforming agent which transforms R pneumococci into the intermediate Type II state. The results of these authors are analogous with the results just reported here.
A highly purified desoxyribonucleate was prepared from SIII-1. The extensive purification did not alter qualitatively its transforming activity. This desoxyribonucleate fraction transformed R36A to SIIL1 and also transformed strain ER into R. Hence, like the SIII-N nucleic acid it appeared to possess two transforming principles, each having a specific activity.
Rough strains were derived from the mutant strains SIII-1 and SIII-2 by serial passage of these strains in 10 per cent Type III immune serum. Both of these rough strains proved capable of being transformed to SIII-N under the action of the SIII-N transforming principle. This indicated that the hereditary properties of the mutant SIII strains permitted normal antigen synthesis provided the normal SIII transforming principle was possessed by the bacteria. This fact taken in conjunction with the isolation of transforming agents having altered activity indicates that it is the SIII-N transforming principle itself which has undergone some alteration in the mutant S strains.
Although phenotypicaUy the SIII strains appear to differ from each other in a quantitative way, no evidence was found to indicate that the apparently quantitative variation of capsular polysaccharide formation was due to a variation of the quantity of SIILN transforming principle, common to all of the SIII strains but present in different amounts. This may be seen from the following considerations.
If the variations in polysaccharide synthesis were due to the presence of different numbers of units of the Type III transforming principle in the various races, one would expect transformations of the R strain by means of the SIII-N transforming principle to yield a spectrum of Type III forms. Detailed examination of the kinds of smooth bacteria produced by such transformations showed that almost invariably normal Type III bacteria were produced. As a very rare exception this transforming principle will induce the production of variant smooth pneumococci. These anomalies have been of two sorts. Several lines of SIII pneumococci have been recovered, each characterized by apparent quantitative modification of polysaccharide synthesis. Strain SIII-2 is one such line. In addition, two different lines giving smooth colonies have been found which could not be typed by means of antisera against the first 33 types of smooth pneumococci. These deviations in the results of transformations are extremely rare, however, and have the same degree of unpredictability as has the phenomenon of mutation. Thus, it is concluded that just as no unit comparable to the normal Type III transforming principle exists in the desoxyribonucleic acid fractions of the intermediate SlII strains, likewise no units comparable to the mutated Type III transforming principles seem to exist in the desoxyribonucleic acid fraction of the normal SIII pneumococci.
This conclusion is strengthened by the results of the following experiments. R pneumococci were transformed under the action of mixtures of equal amounts of the SIII-N transforming principle and either one of the mutant SIII transforming principles. Under these conditions, smooth strains corresponding to each of the transforming principles were recovered simultaneously in the transformed populations. Quantitative studies of the proportions of each kind of smooth pneumococcus strain were not made, because of the difficulties in assessing the r61e of selection in determining the final composition of the populations. However, the proportions recovered were approximately equal, when approximately equal amounts of each transforming agent were introduced. The results of these experiments can most simply be interpreted by supposing that each of the SIII transforming principles is a distinctive entity equally effective in competing in reactions with the sensitized R pneumococci.
Additive Effect of the Mutant Sill Transforming Principles
Each SIII transforming principle proved to be strictly specific in its action upon the R pneumococcus when it was introduced singly into the transforming system, or in experiments where the SIII-N principle was introduced simultaneously into the transforming system with either one of the mutant principles. However, when mixtures of the two mutant principles, SIII-1 and SIII-2, each in excess of the amount necessary to produce transformations, were introduced into the system for transforming P, pneumococci, not two but three transformation products were recovered. The final population was found to contain both kinds of mutant SIII bacteria, and also normal SIII-N bacteria. Few of these SIII-N pneumococci were found, but their appearance is significant in view of the failure to obtain any such forms when the mutant transforming principles were added singly to this transforming system. The appearance of the SIII-N bacteria indicates that some form of summation can take place between the two mutant principles in their action upon a sensitized R pneumococcus, resulting in normal polysaccharide synthesis.
Nonetheless, it is clear that a simple quantitative difference between the SIII transforming principles does not exist. The SIII-2 agent used in excess of the amount necessary for transformation never yielded this summation; nor did the SIII-1 transforming principle. The existence of the interaction just described is, therefore, evidence that each of the mutated principles differs from the SIII-N principle in some unique respect.
Two-Step Transformations of R into SIII-1, into SIII-N
A rough pneumococcus which has been transformed to the lowest degree of smoothness by means of the principle obtained from SIII-1 bacteria can again be transformed, under the action of the SIII-N principle in an appropriate environment. SIII-1 pneumococci are poorly agglutinated by R agglutinins, and to transform them, it was necessary to provide a better means of agglutina-tion. The techniques used have been described in detail above. Briefly, agglutination was achieved either by adding to the usual transforming system containing R antibody the enzyme which hydrolyzes the Type III polysaccharide, or by replacing the R agglutinins with SIII agglutinins. Although these techniques yielded completely agglutinated growth of the SIII-1 inoculure, the SIII-N cells produced by transformation had a tendency to escape the agglutinating mechanism. Thus, in tubes in which transformation occurred, the supernatant medium often contained granular or even diffuse growth.
In these systems, massive and regular transformations of SIII-1 populations to SIII-N were obtained. However, since the SIII-1 cells possess the capacity to mutate spontaneously both to the SIII-N condition and the R condition, three mechanisms may be conceived by which the SIII-N pneumococci could be formed. First, they could be formed by directly induced change of SIII-1 bacteria into SIII-N through the action of the SIII-N transforming principle. Second, they could appear through the selection of spontaneously occurring SIII-N mutants. Third, they could be produced by a transformation of the rare R mutants of the SIII-1 strain, through the action of the SIII-N transforming principle. Experiments were therefore done to determine how the SIII-N cells were produced in this transforming system. The following facts were ascertained:--1. The regular appearance of SIII-N pneumococci is dependent upon the presence of adequate quantities of the SIII-N transforming principle. Titrations of the action of this purified desoxyribonucleate fraction of SIII-N pneumococci upon the SIII-1 population indicated that its activity was of the same general magnitude in this transformation and in transformations of R into SIII-N. In general, transformations of SIII-1 pneumococci into SIII-N occurred at slightly lower concentrations of a given preparation of SIII-N transforming principle than was needed for transformations of R into SIII-N. The significance of this greater sensitivity of the SIII-1 bacteria in the transforming system is not understood at present. Table VI shows a titration of an SIII-N transforming principle in both transformation systems. Both titrations were performed the same day, and using the same reagents. This pair of titrations shows an extreme manifestation of the differences in activity of the same desoxyribonucleate fraction in the two transformation systems.
2. Spontaneous mutation of SIII-1 to SIII-N has a negligible r61e in these experiments. Of 66 control tubes which did not receive transforming principle, only 1 was found to contain enough SIII-N pneumococci to be manifest upon plating.
3. The accessory serum factor is essential to obtain the regular and massive changes characteristic of the transformations of SIII-1 populations into SIII-N.
4. By use of the enzyme desoxyribonuclease it was found that in the transformation of SIII-1 into SIII-N the sensitization phenomenon occurred in a fashion exactly parallel to that already observed for strains R36A and ER.
The sensitization of SIII-1 pneumococci is achieved after a period of 4½ to 5 hours' incubation. After this time an exposure of as little as 5 minutes to the transforming principle is adequate to induce massive changes of the SlII-1 population into SIII-N.
The high degree of control over the outcome of the transformations of SIII-1 pneumococci into Sln-N precluded the possibility that rare spontaneous mu- Dilutions of transforming principle were added in 0.1 cc. amounts to tubes containing 2 cc. of broth to which albumin and pyrophosphate and agglutinins had been added. In. oculum was 0.05 cc. of a 10-* dilution of a 4 hour blood-broth culture of the strain designated.
* The populations were plated after 23 hours of incubation at 37°C. ration followed by selection played a critical r61e in changing the SIII-1 population into SIII-N. However, it could be excluded on experimental grounds that the appearance of the SIII-N bacteria in the treated populations of SIII-1 bacteria was due to the transformation of rare R variants in the SIII-1 strain. It was observed many years ago that type-specific antisera inhibit the transformation of R36A into SIII-N (McCarty and Avery1). This inhibitory action is not confined to Type III antisera. In the present experiments, complete inhibition of transformation of R strain R36A into SIII-N was obtained with the same solution of Type III antibody which provided essential environmental conditions for the transformation of SIII-1 into SIILN. These experiments have led to the conclusion that SIII-1 bacteria can be directly transformed into the SIII-N condition through the action of the SIII-N transforming principle, under the appropriate environmental conditions. While the in vivo experiments of MacLeod and Krauss (5) have suggested that a Type II intermediate form could be transformed into a normal Type II organism under the action of a normal Type II transforming principle, the evidence offered by these workers does not appear adequate to prove that the intermediate form itself was the organism undergoing transformation. A possible r61e of R pneumococci, formed by spontaneous mutation of the intermediate strain, might be adduced to explain the results of the cited authors.
The in vitro techniques used in the present study upon the SIII races provide evidence which rather dearly indicates that a pneumococcal cell, already endowed with the capacity to synthesize a specific polysaccharide, can be transformed under the action of a transforming principle inducing the formation of a different (or more of the same) specific polysaccharide.
The SIII-1 pneumococcus could also be transformed to a Type II pneumococcus by means of a desoxyribonucleate fraction of Type II pneumococci. Studies upon these transformations will be reported in detail at some future date.
When the R pneumococcus was transformed first to the SIII-2 condition, further transformation to the SIII-N condition under the action of the SIII-N transforming principle was not found possible. Likewise, when the R pneumococcus was transformed first to the SIII-N condition, the SIII-N forms produced could be transformed neither to the SIII-2 nor to the SIII-1 condition. The SIII-2 and SIII-N principles induce the formation of large amounts of capsular polysaccharide, which may interfere with the sensitization process. This possibility should be kept in mind, as well as the possibility that the failure to obtain these transformations is due to some properties of the transformation principles themselves.
Mechanism of the Two-Step Transformation, R into SIII-1, into SIII-N.--
The SIII-N bacterium produced by this two-step transformation has reacted with two distinct transforming agents. An investigation was therefore made to see whether the desoxyribonucleate fraction of this doubly transformed bacterium contained both the SIII-1 and SIII-N transforming principles.
Special techniques were employed to detect SIII-1 pneumococci in the final populations of these transformation experiments, since the SHI-1 colony is di~cult to distinguish from an R colony. When cultures are made by mixing 100 to 200 pneumococci in liquid nutrient agar, just before pouring the plate, plates are obtained in which colonies are weU separated and submerged. If blood is omitted from the agar, and a potent homologous type-specific antiserum added before plating, around each smooth colony a halo will appear after 48 hours of incubation. This halo results from the reaction between the diffusing soluble capsular polysaccharide and the type-specific antibodies in the agar. R pneumococei produce no halo. SIH-N pneumococci produce halos several millimeters in diameter, which stand well out from the colonies. Between the ring of precipitate and the colony is a zone of clear agar, since the large amount of polysaccharide produced by this strain redissolves the polysaccharide-protein precipitate (prozone phenomenon). This halo travels centrifugally as incubation is prolonged. SIII-1 pneumococd, however, form small halos which show no discontinuity between the precipitate and the colony. By plating suitable dilutions of the populations produced by transformarion of strain R36A with the transforming extracts described in the following paragraph, the population could readily be examined for the presence of SHI-1 pneumococci.
Nucleic acid extracts were made from the progeny of a single colony isolate of an SIII-N pneumococcus produced by two-step transformation of strain R36A. Also, an extract was made from the progeny of a mixed culture established from a large number of SIII-N colonies obtained directly from the plated population of one of these two-step transformations. With both preparations results were identical, and when their action on strain R36A was studied, only SIII-N and R colonies were found on the plates made from the final population. There was, thus, no indication that these extracts could transform strain R36A into SIII-1.
The SIII-N strains produced by two-step transformation of R show no signs therefore of having once been in contact with and transformed by the SIII-1 transforming principle. It is as though in the two-step transformation of R into SIII-1 into SIII-N, the SIII-1 transforming principle has been, in effect, destroyed by the second transformation step. Hence the second step of this two-step transformation may consist of an exchange of the SIII-1 transforming principle in the bacterium with the SIII-N principle in the environment; or the second step may consist of some kind of interaction between the two principles, in which the SIII-1 principle loses its independent existence.
Analysis of the Specificity of the SIII-2 Transforming Principle in the Two-
Step Transformation of R into SIII-1 into SIII-2.--Two-step transformations could be done by inducing the transformation of R pneumococci into SIII-1, by means of the appropriate principle, and following this, transforming the SIII-1 pneumococci under the action of the SIII-2 transforming principle. As has been indicated, two distinct transformation systems are necessary for the two steps, since SIII-1 pneumococci are poorly agglutinated by R antibody.
At the end of the second step, the final population of pneumococci found in the tubes which had received the SIII-2 transforming principle was composed of three kinds of pneumococcal cells. First, there was the residue of untransformed SIII-1 bacteria; second, there were large numbers of SIII-2 bacteria; third, there were small numbers of SIII-N forms. In the control tubes, receiving no transforming principle, only SIII-1 forms were found. Thus, under the action of the SIII-2 transforming principle, two transformation products were produced from the SIII-1 bacteria inoculated.
It should be emphasized that the SIII-2 transforming principle, acting upon R pneumococci, induces the formation of SIII-2 pneumococci only. Thus, here, as in the experiments cited above in which the SIII-1 and SIII-2 trans-forming agents were introduced simultaneously into the transformation system of strain R36A, it appears that some form of summation between the two mutant principles can occur if the SIII-2 principle is interacting with a pneumococcus already possessing the SIII-1 principle. Summation does not always occur between these two principles. This is clear from the fact that the majority of new kinds of pneumococci produced in the transformation of the SIII-1 forms by the SIII-2 principle are SIII-2 forms.
This effect of the SIII-2 principle, when acting upon the SIII-1 pneumococcus, suggests again that transformation can be either an exchange reaction (producing SIII-2 forms), or some form of interaction (producing SIII-N forms) with the SIII-1 principle already possessed by the bacterium undergoing the transformation.
DISCUSSION
Transforming activity may be regarded simply as a new kind of character and it is possible that the transforming agents themselves are better suited to elucidate bacterial heredity than the more immediately accessible characters of bacterial cells, such as enzymatic constitution or antigenic structure. Transforming agents appear to be concerned with the heredity of pneumococcus in much the same fashion that genes are concerned with the heredity of higher organisms. Thus, they appear to have autocatalytic and heterocatalytic functions, and play a decisive r61e in determining the properties of a given pneumococcus and its progeny. It is, of course, not clear whether a transforming principle is a complete genetic determinant, since the transformed cell contributes the necessary environment for the expression of its activity. However, it is clear in the case of the R into Sill transformations that the transforming extracts include the constituent of the genetic system which is essential to the synthesis of a capsular polysaccharide, and which determines the chemical nature of this polysaccharide. Strictly speaking, very little more can be said even of genes with reference to their relationshlp to the characters they determine.
Certain aspects of the present experiments suggest further that the transformation technique may, in fact, be generally applicable to the study of the mechanism of heredity in the pneumococcus. The following points may be cited:--1. The discovery of a new transforming principle, active in transforming ER cells into R, provides evidence that more than one character of the bacterium is under the control of a transforming principle having the properties of a desoxyribonucleate.
2. Evidence presented indicates that the desoxyribonucleate fraction of the SIII bacterium contains a minimum of two transforming principles. Even though complete evidence has not yet been obtained to the effect that the two transforming activities possessed by this fraction can be ascribed to two corn-pletely independent genetic units, such an assumption remains the most plausible.
3. Application of transformation techniques in a study of two mutated races of SIII pneumococcus showed that the SIII transforming principle itself had mutated in these races, giving rise to the mutant properties of these strains. Mutation of other hereditary factors in the altered strains which might result in modified polysaccharide synthesis, could be ruled out. Thus, by the transformation study it has been possible for the first time to determine that a mutated bacterium differs from its normal progenitor because of a spontaneous alteration which has occurred in a given entity possessing genetic activity. Further, it could be seen that it was the same entity which had undergone mutation in each of the mutated races.
The present study differs from preceding ones because the mutation of the SIII-N strain produced forms in which a mutated SIII transforming principle could be demonstrated. R forms also may contain a mutated S transforming principle, the heterocatalytic activity of which is not obvious.
4. The R transforming principle which induces the ER to R transformation is found in the desoxyribonucleate fractions of both the R and S bacteria thus far studied. Hence, although the R-ness of the S pneumococcus is not visible in its colony morphology, it can be demonstrated that the R principle is nonetheless present in the S pneumococcus. This kind of information about the genetic constitution of the S bacterium is analogous to that obtained in classical genetics when the experimenter demonstrates the presence of genes whose phenotypic manifestations are in some way masked.
This last consideration leads to a problem of great importance in any study of hereditary systems. It is known that a gene may be masked by a dominant allele or by non-allelic genes. If transforming principles are genetic determinants, how can their relations to each other be assessed? For example, are the R and S transforming principles allelic or not?
Clearly, if allelism were to be defined strictly in terms of the techniques usually employed to discern it, allelism cannot be demonstrated in asexual organisms. If, however, it be granted that the absence of crossing-over between two genes is a secondary aspect of allelism, and that the primary property of aUelism consists of the alleles having been derived from common gene ancestors, it is justifiable to consider as alleles all genetic determinants fullfilling this primary condition, even in asexual forms. It is perhaps simpler to refer to such genetic units as homologous. The problem remains how to assess the relationships between genetic units, in the absence of sexual fusion.
In the body of the present paper, observations were set forth which led to the conclusion that the SIII-N, SIII-2, and SIII-1 transforming principles are distinct, qualitatively different entities, the latter two of which have arisen by spontaneous mutation of the former. Granting that this evidence is sufficient, it is justifiable to look upon these transforming principles as homologous genetic elements---or alleles, if one is content to define alleles in terms of their lineage.
It appears thus far that a given race of pneumococcus can possess at a given time only one (or none) of the SIII principles. This is particularly in evidence in the two-step transformation of R into SIII-1, SIII-1 into SIII-N. Here it is found that in the second transformation step the SIII-N principle replaces the SIII-1 principle which was readily demonstrated in the desoxyribonucleate fractions of the SIII-1 pneumococci produced by the first transformation step. This is in contrast with the simultaneous occurrence of both R and S principles in the SIII forms thus far studied. Likewise, in the two-step transformation of ER into R, R into SIII-N, the doubly transformed cell can be shown to have acquired both the R and SIII principles. This R principle has been found in the SIII races and as well in the R strain R36A, derived originally from a Type II culture of S pneumococci. Thus, there is no indication that the R principle and the SIII principles have been derived from a common ancestor-transforming principle.
From these facts it is possible at present to visualize how a distinction can be made between genetically related (homologous, allelic) transforming principles and genetically unrelated ones by means of the transformation technique. It may very well be that in successive transformations with genetically related principles, transformation consists of a replacement or interaction of the first introduced principle with the second. On the other hand, after successive transformations with two genetically unrelated principles both principles are demonstrable in the desoxyribonucleate fraction of the doubly transformed organism.
It is implicit in this hypothesis that a condition analogous to heterozygosity does not exist with respect to the transforming principles of a pneumococcus. This appears, in fact, to be the case with the SIII principles.
The SIII principles and the R principle have been referred to here as entities. This is justified by the fact that there does not seem to be any quantitative or qualitative variation in the action of any one of these transforming principles upon the appropriate pneumococcal race, except as a rare deviation. This indicates that the induction of polysaccharide synthesis, for example, results from an interaction between the susceptible R form and a qualitatively distinct unit in the desoxyribonucleate fraction of the S organisms. There is no way of knowing at present how many particles in the desoxyribonucleate solution compose each biologically complete entity. With respect to the SIII transforming principles, the experiments reported above make it highly unlikely that they differ from each other by being composed of different numbers of particles, n of which must be possessed in order to produce the SIII-N phenotype. However, the existence of an interaction between the SIII-2 and the SIII-1 transforming principles reacting with a given pneumococcus to produce the SIII-N form, remains to be explained. This phenomenon could most simply be understood if the SIII-N transforming principle could be subdivided into two biologically active agents, having respectively SIII-2 and SIII-1 transforming activity. No evidence could be found that the SIII-N transforming principle is such a biparticulate entity. It is likely that to understand these experiments we will have to understand at what level of molecular organization genetic activity makes its appearance, and to what extent the very large molecules present in the transforming extracts behave as indivisible units in cell metabolism.
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SUMMARY
It has proved possible to transform an extreme rough variant of pneumococcus back to the rough state by the action of the desoxyribonucleate fractions of either rough or Type III smooth pneumococci. In a second step, the rough pneumococci produced by this transformation were further changed to the Type III smooth state by means of the desoxyribonucleate fraction of Type III smooth organisms. With use of the Type III desoxyribonucleate, the two steps could be accomplished successively, but not simultaneously, during the growth of a single inoculum of the extreme rough form.
These findings have been interpreted as indicating that the desoxyribonucleic acid fraction of Type III smooth pneumococci contains two transforming principles of differing specificity, while the same fraction of rough pneumococci contains but one of these principles.
Two distinct spontaneous variants of Type III smooth pneumococci have been isolated which seem to differ from normal Type III smooth pneumococci in synthesizing smaller amounts of the specific polysaccharide. Tests have indicated that these variant Type III races differ from the normal in possessing altered Type III transforming principles. Each of the new transforming agents when influencing rough bacteria, is strictly specific in its action, inducing as it does the formation of the corresponding variant Type III pneumococci.
Interaction between the two new transforming principles and rough pneumococci can lead to the production of normal Type III organisms, although neither principle alone can do it. This is interpreted as indicating that the two mutated Type III transforming principles are qualitatively different from each other.
Another kind of two-step transformation was accomplished by converting rough pneumococci first into the variant Type III pneumococci which produced very little specific polysaccharide, and then by transforming these latter into normal Type III organisms.
After the two-step transformation of the extreme rough pneumococcus, both transforming principles used to effect this can be recognized in the Type III smooth pneumococci finally recovered. By contrast, in the two-step transformation of the rough pneumococcus by way of an intermediate smooth form, only the second transforming principle can be obtained from the resulting fully smooth organisms.
The meaning of these facts is discussed.
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